Abstract Obese breast cancer survivors have increased risk of recurrence and death compared to their normal weight counterparts. Rural women have significantly higher obesity rates, thus weight control intervention may be a key strategy for prevention of breast cancer recurrence in this population. This one-arm treatment study examined the impact of a group-based weight control intervention delivered through conference call technology to obese breast cancer survivors living in remote rural locations. The intervention included a reduced calorie diet incorporating prepackaged entrees and shakes, physical activity gradually increased to 225 min/week of moderate intensity exercise, and weekly group phone sessions. Outcomes included anthropomorphic, diet, physical activity, serum biomarker, and quality of life changes. Ninety-one percent of participants (31 of 34) attended [75% of intervention sessions and completed post-treatment data collection visits. At 6 months, significant changes were observed for weight (-12.5 ± 5.8 kg, 13.9% of baseline weight), waist circumference (-9.4 ± 6.3 cm), daily energy intake (-349 ± 550 kcal/day), fruits, and vegetables (?3.7 ± 4.3 servings/day), percent kcal from fat (-12.6 ± 8.6%), physical activity (?1235 ± 832 kcal/week; all P values \0.001), as well as significant reductions in fasting insulin (16.7% reduction, P = 0.006), and leptin (37.1% reduction, P \ 0.001). Significant improvements were also seen for quality of life domains including mood, body image, and sexuality. In conclusion, the intervention produced [10% weight loss as well as significant improvements across multiple endpoints. The group phone-based treatment delivery approach may help disseminate effective weight control intervention to hard-to-reach breast cancer survivors.
Introduction
Both obesity and weight gain of 6-10 kg or more after breast cancer diagnosis are associated with poor outcomes including increased recurrence, breast cancer deaths, and all-cause mortality [1] [2] [3] . Biochemical mediators of risk are thought to be an increase in bioavialable hormones, insulin, and an increase in unfavorable adipocytokines such as leptin and IL-6 and a reduction in favorable adipocytokines, such as adiponectin [4, 5] . Weight loss and physical activity have been shown to reduce insulin [6] , which is important for breast cancer survivors, as increasing evidence indicates that high insulin levels increase the risk of breast cancer recurrence and death [7] . Leptin and adiponectin may be involved with the regulation of insulin sensitivity [8] as well cell growth, invasion, and angiogenesis [9] . These adipocytes are potential mechanistic targets for reducing obesity-related cancer risk [4, 10] . Although it is not clear as regards to the exact amount of weight loss needed to reduce risk of recurrence or new primary breast cancer in overweight and obese women, preliminary studies suggest a sustained weight loss of 10% of initial weight [11, 12] .
Rural women, who constitute 20% of women in the US, have significantly higher obesity rates [13, 14] . Structured behavioral weight loss and maintenance programs are considered the standard of care, but along with support groups and survivorship programs they are often difficult for rural women to access. Accordingly, rural women constitute one of the largest medically underserved groups of breast cancer survivors [15] . A group phone-based behavioral weight control intervention which combines calorie reduction and physical activity in a breast cancer support group environment may be a key strategy for prevention of recurrence and improving quality of life for rural women.
Using conference call technology to deliver group-based intervention is well-suited for rural breast cancer survivors because it is easily accessible, provides real-time peer support, and appears to produce superior results compared to the traditional one-on-one phone counseling approach [16] . The purpose of this one-arm treatment study was to examine the feasibility and impact of a 6-month group phone-based weight control intervention addressing lifestyle modification and survivorship support on weight, diet, physical activity, serum biomarkers, and quality of life outcomes.
Methods

Participants
Women were recruited from three rural cancer centers in the state of Kansas located in towns ranging in population from 20,000 to 47,000. A large percentage of patients treated at these sites resided in surrounding areas within a 2 hour drive. Breast cancer survivors who responded to a previous survey study assessing weight control needs [17] and who expressed interest in being contacted for an intervention study were mailed a study flyer and contacted by phone. Eligible women resided in a rural area (large rural core to isolated rural) as defined by the Rural Urban Commuting Area (RUCA) codes developed by the US Department of Agriculture, Economic Research Service [18] . Only postmenopausal women under the age of 75 who had a body mass index (BMI) of 27-45 kg/ m 2 , and had been treated for Stage I-IIIc breast cancer within the past 10 years were eligible. Candidates must have completed local treatment and chemotherapy at least 3 months from date of entry, but concurrent endocrine therapy was allowed. Candidates must also have been weight stable (no more than 10 lb. weight fluctuation within previous 3 months), free from serious medical risk such as unstable cardiac condition or severe pulmonary disease, able to walk briskly unassisted for at least 10 min, and able to obtain clearance to participate from oncology or primary care provider who verified medical risk exclusion criteria. Breast cancer diagnosis and treatment history was confirmed by medical chart review. The study was approved by the Human Subjects Committee at the University of Kansas Medical Center.
Intervention
The intervention was guided by a social cognitive framework and incorporated self-regulation skills (goal-setting, self-monitoring, problem-solving, stimulus control) and social support to enhance self-efficacy for diet and physical activity behavior change, targeting 10% weight loss [19] . The intervention was tailored to the special needs of breast cancer survivors and rural women. The intervention provided opportunity for shared identity among rural breast cancer survivors, while at the same time recognizing that traditions and access to resources vary from town to town and from farm to town. Breast cancer survivorship topics included dietary and physical activity recommendations related to breast cancer risk, body image as impacted by breast cancer treatment and weight, and managing lymphedema, arthralgia, and other late side effects. Topics targeted for rural women included problem-solving regarding barriers to accessing physical activity facilities and healthy foods in grocery stores and restaurants, linking behavior change to cultural values related to family and hard work, and modifying traditional ''country cooking'' or ''potluck'' dishes to be low calorie, including a cookbook of recipes submitted by the participants and modified by dietitian staff. Session topics are included in Table 1 .
Participants were instructed to follow a diet that included C5 fruit and vegetable servings per day, approved prepackaged frozen entrees (2 per day at \350 kcal and \9 g of fat each) or their equivalent (e.g., soup, other portion-controlled meals), and shakes (2 per day at 110 kcal each, Safely SlimÓ, Science Foods, LLC). Participants purchased food in their local grocery stores except for shakes which were provided to them. Prepackaged meals and shakes have consistently shown greater weight loss and weight loss maintenance compared to diets that rely completely on individuals preparing all their own meals [20] [21] [22] [23] , as well as greater adherence and nutrition improvement (greater increases in fruit and vegetables and fiber, greater decrease in fat intake) [21, [24] [25] [26] . Participants were given a calorie goal of 1200, 1400, 1600, or 1800 kcal/day calculated by subtracting 1000 kcal/day from maintenance requirements as determined by the Harris-Benedict equation [27] and rounding to the nearest calorie goal level. Participants were instructed on how to modify the diet to include home-prepared and restaurant foods while staying within their calorie range. Participants kept daily records of the number of fruit and vegetable servings, shakes and entrees, snacks, and meals out, and they reported this information by email, fax, or voice message to their group leader the morning of each session. For one week per month, they also kept a complete food log including calorie information and mailed the log to their group leader. Group leaders reviewed all weekly reports and food logs and provided feedback during the conference calls in the context of group problem-solving. For participants who emailed their weekly records, group leaders responded to the email acknowledging receipt and providing a brief note of encouragement and feedback.
Participants were guided to gradually increase their physical activity over the first 12 weeks to 225 min per week of moderate intensity activity (brisk walking), consistent with national guidelines for weight loss maintenance [28] . Participants were instructed in types of activities (any moderate intensity planned activity lasting 10 min or longer), as well as strategies to monitor intensity, plan for weather, and increase enjoyment. To enhance functional fitness, light resistance training was included as an optional component using lightweight dumbbells with visual guidance provided by a module-based DVD for breast cancer rehabilitation titled ''Strength and Courage'' (www.strengthandcourage.net). Participants received a pedometer and self-monitoring calendars and charts, and reported their physical activity minutes and steps on their weekly log.
Participants met for 24 consecutive weeks in groups of 8-14 by calling a toll-free conference line at a standing meeting time. Group sessions were 60 min and were structured to allow all participants opportunity to contribute. Ground rules and group norms included no multitasking while on the call, being in a location free from distractions, and active member-to-member interaction. Group counselors called on individuals during the session if they had not spoken and directed participants to speak directly to one another to normalize active participation among all members. Each session began with an openended check-in question relevant to the previous session's topic, followed by review of weekly progress toward goals, and ended with a diet, physical activity, behavioral, or survivorship topic of the week. A trained masters-level dietitian and a doctorate-level clinical psychologist with experience in delivering a structured weight control intervention and understanding of breast cancer survivorship topics provided the counseling. Individual sessions were not provided, and participants did not have routine contact with one another outside of the group sessions. If participants called the group leader outside of the regular group session, the group leader addressed the concern and encouraged them to bring their questions or concerns to the group as appropriate. Group counselors followed a standardized treatment manual that outlined the structure of the calls, group phone facilitation strategies, and the content and goals of each session. All sessions were recorded. After each session, group counselors completed treatment fidelity checklists documenting the content covered and the quality of the group interaction to facilitate on-going supervision and help ensure standardized delivery. The primary investigator met weekly with group leaders and listened to sessions, reviewed treatment fidelity, and discussed counseling strategies. Measures Data collection occurred at baseline and 6 months during in-person individual visits held at the local cancer centers. Visits were scheduled in the morning, and participants were fasting.
Weight and height
Participants were weighed without shoes in light clothing (shorts and T-shirt) to the nearest 0.1 pound using a digital scale (Befour, Inc). Height was measured without shoes and rounded to the nearest 0.1 cm. Height and weight measurements were used to calculate body mass index (BMI; kg/m 2 ).
Dietary intake
Two 24-h dietary recalls were conducted at each time period using the U.S. Department of Agriculture multiplepass approach [29] . Trained data collectors recorded specific and quantitative details of every food and drink consumed during the previous day and entered them into the Nutrition Data System for Research software. The two recalls included one week day and one weekend day. Outcome variables included daily kcals, percent kcals from fat, and daily fruit and vegetable servings (excluding fried potatoes and fruit juice).
Physical activity
The Minnesota Physical Activity Questionnaire assesses weekly frequency and duration of 41 physical activities, including sports and lifestyle activities [30] . Activities are assigned a MET value (energy cost of activity as a multiple of resting metabolic rate in kcal/kg/hr), and scoring yields estimates of energy expenditure (kcal/week) [31] . Because the intervention targeted planned physical activity, lifestyle activities involving housework and gardening were not included in the scoring.
Blood draws and serum assays
Twelve-hour fasting blood for insulin, leptin, and adiponectin was collected in gel clot tubes at pre-and postintervention. Because two-thirds of the women were on endocrine therapy (tamoxifen or aromatase inhibitors), we did not assess change in hormone levels. Samples were centrifuged for 15 min at 3500 RPM, aliquoted into cryovials, and frozen at -80°C freezer for long-term storage until study completion. Pre-and post-study samples were run together to avoid batch variation. Insulin was measured in serum using an ELISA kit (80-INSHU-E01.1; Alpco Diagnostics; Salem, NH) following the assay manual. The mean intra-assay coefficient of variation for the low-and high-range quality control samples were 3.2 and 5.1%, respectively. Leptin and adiponectin were also analyzed by ELISA kits (11-ILEPHU-E01 & 47-ADPHUT-EO1, respectively; Alpco Diagnostics; Salem, NH). For leptin, the mean intra-assay coefficient of variation was 3.7% for low values and 5.0% for high values. For adiponectin, the mean coefficients of variation for low-and high-range quality control sample were 5.4 and 5.3%, respectively.
Quality of life domains
The Breast Cancer Prevention Trial Symptom Checklist assesses the severity of eight physical symptoms with reliable subscales that are clinically relevant to breast cancer treatment, particularly anti-hormone therapy [32] . We included three subscales that are potentially modified by physical activity and weight loss, including cognitive (difficulty concentrating), musculoskeletal (joint pain), and vasomotor (hot flashes) symptoms. Items are scored from 0 to 4 based on symptom bother (''not at all'' to ''extremely''). The Brief Fatigue Inventory assesses cancer-related fatigue with three items assessing severity at ''worst,'' ''usual,'' and ''now'' (0 = ''no fatigue'' and 10 = ''fatigue as bad as you can imagine'') and six items assessing interference with activity, mood, walking, work, relationships, and life enjoyment [33] . The Patient Health Questionnaire (PHQ-9) assesses depression severity as the frequency of nine depression symptoms (0 = ''not at all'' to 3 = ''nearly every day'') [34] . Finally, the 32-item Body Image and Relationships Scale assesses body image and sexuality specifically for breast cancer survivors [35] . Items are on a five-point Likert scale (''strongly disagree'' to ''strongly agree'') and form three reliable subscales: Strength and Health (e.g., ''I felt confident I could make myself stronger''), Social Barriers (e.g., ''I was uncomfortable with or embarrassed by physical symptoms that I attribute to my breast cancer treatment''), and Appearance and Sexuality (e.g., ''I was comfortable with the appearance of my body,'' ''I have felt sexually attractive''). Higher scores reflect more negative body image, and scale scores are divided by the number of items per subscale. The scale domains have been shown to improve after a 12-month strength training program for breast cancer survivors [36] .
Statistical analyses
Effects of treatment on outcomes were analyzed using paired t tests. Analysis of weight change was conducted for both completers only and the total sample, with missing data imputed as no change from baseline. Completers were defined as completing 75% or more of sessions and returning for 6-month follow-up. Exploratory analyses were conducted with the total sample examining baseline correlates of percent weight loss using t tests or analysis of variance for categorical variables (history of chemotherapy, current anti-hormone therapy, large vs. small rural, education level) and Pearson correlation for continuous variables (age and time since treatment).
Results
Across the three rural cancer center sites, 120 women were contacted by phone, 84 were screened, 42 were eligible, and 35 enrolled (83% enrollment rate of those who were eligible). There were no differences in age, education, or time since treatment between women who were screened and those who declined screening. The most common reasons for exclusion were not being weight stable ([10 lb. weight change in previous 3 months; 28%), Stage 0 breast cancer (24%), and unable to walk briskly unassisted due to joint or other medical conditions (19%). One participant who enrolled injured her foot before the start of the intervention and was deemed ineligible for participation in the study. Thirty-one women completed the study (91% retention). All three non-completers attended less than 75% of sessions, and two did not return for follow-up. Average session attendance was 91% among the 31 women who completed the study and 85% among all 34 women who enrolled. Participant characteristics are shown in Table 2 . Thirty-five percent of women resided in the town of the collaborating cancer center; the remaining 65% lived at an average distance of 55.0 ± 24.9 miles from town. Among the total sample, with missing data imputed as no weight change, mean weight loss at 6 months was 11.6 ± 6.5 kg, or 12.8 ± 6.8% of baseline weight. Among completers only, mean weight loss was 12.5 ± 5.8 kg, or 13.9 ± 5.9% of baseline weight (Table 3) . Seventy-four percent of completers and 68% of the total sample achieved 10% loss of baseline weight (Fig. 1) . Among completers, significant changes from baseline to 6 months were also observed for waist circumference (-9.4 ± 6.3 cm), daily energy intake (-349 ± 550 kcal/day), fruits and vegetables (?3.7 ± 4.3 servings/day), percent kcal from fat (-12.6 ± 8.6%), and physical activity (?1235 ± 832 kcal/ week or ? 196.5 ± 115.5 min/week); all P values B0.001). Seventy-one percent of completers met the 225 min/week physical activity goal at 6 months. For serum biomarkers, significant reductions were observed from baseline to 6 months in insulin (16.7% reduction, P = 0.006) and leptin (37.1% reduction, P \ 0.001), whereas no change was observed for adiponectin (Table 3) .
Changes in quality of life domains are also shown in Table 3 . Significant improvements were seen for joint pain (P = 0.001), depressive symptoms (P = 0.001), and body image subscales (P = 0.02 to \ 0.001). On the Body Image and Relationships Scale, women reported, on a Rural urban commuting area codes; large rural core areas in which primary flow is within an urban cluster of 10,000-49,999; small rural core the primary flow is within an urban cluster of 2,500-9,999; isolated rural the primary flow is to a tract outside any urban area or cluster average, feeling stronger and healthier and having more subjective control over their health (Strength and Health), less impairment in social interactions due to embarrassment about physical symptoms (Social Barriers), and greater satisfaction with appearance and sexual activity (Appearance and Sexuality). Baseline correlates of percent weight loss were explored. Age, education level, degree of rurality, history of chemotherapy, time since treatment, and current antihormone therapy use were not significantly related to successful weight loss (P = 0.42 to 0.88).
Discussion
The results of this study demonstrate feasibility and favorable outcomes of a group phone-based weight loss intervention delivered remotely to rural breast cancer survivors. Average weight loss at 6 months exceeded the 10% goal at 12.8% (11.6 kg) among the total sample and compares favorably to weight losses achieved in other weight control interventions among rural women [16, 37] and urban breast cancer survivors which have ranged from 6 to 10 kg [38] [39] [40] . This represents clinically meaningful weight loss believed to favorably modify risk for breast cancer [11] as well as diabetes and cardiovascular disease [19] . Furthermore, the significant reductions observed for insulin and leptin represent favorable modulation of biomarkers implicated in the obesity and breast cancer link [4] . We did not observe a significant change in adiponectin which may require greater weight losses overall [41] .
Dietary and physical activity behavioral changes were also significant and consistent with the energy deficit required for the weight losses achieved. The reduction in Weight (kg) Fig. 1 Weight (kg) at baseline and 6 months among study completers (n = 31) percent kcal from fat and increase in fruits and vegetables were similar to the intervention goals of large-scale dietary trials targeting primary [42] and secondary breast cancer prevention [43] These levels of physical activity have been associated with 50% reduction in recurrence and all-cause mortality [45] [46] [47] . Improvements in joint pain, depressive symptoms, and body image indicate that the intervention also had a positive impact on some important dimensions of quality of life. Breast cancer treatment often negatively impacts body image, sexual desire, and performance resulting in poorer overall quality of life [48] [49] [50] . The improvements seen at 6 months in perceptions of appearance, strength, and sexual satisfaction are important proximal benefits of the intervention.
Overall, participants demonstrated a high level of motivation to make diet and physical activity changes and to adhere to the recommendations of the intervention. Ninety-one percent of women completed the 6-month intervention with 91% session attendance among completers. The group conference calls provided opportunity for support and accountability among peers and other breast cancer survivors, which appeared to fill a support gap for many women. Our observations were that the women formed highly cohesive groups that we believe facilitated engagement in behavior change and normalized their experiences both as breast cancer survivors and as women striving for greater weight control. The participants grew to know one another by voice and their stories, and we observed the benefits of group treatment that evolve from cohesiveness, such as interpersonal learning, imparting information to others, and developing optimism and hope for change [51] .
The current study has several limitations. The sample reflects the predominantly White non-Hispanic racial composition of the targeted rural areas, and the findings may not generalize to rural racial/ethnic minorities. The diet and physical activity measures are subject to bias inherent in self-report, however, the changes reported are consistent with the weight losses achieved. The study did not have a control group, although the amount of weight loss was clinically meaningful and greater than weight losses typically seen in the absence of intervention. Future randomized controlled trials with sufficient sample size are needed to examine potential effect moderators such as time since treatment and cancer treatment history. In addition, a longer intervention period is needed to examine the effectiveness of using group conference call delivery for sustaining weight loss maintenance for a year or longer. Finally, the intervention needs to be tested against less intensive and less costly interventions. Our previous study has demonstrated that the group phone counseling approach is more cost effective than individual phone counseling for weight loss among rural women [16] , and other trials are currently underway to determine the most cost-effective treatment intensity in regards to number, timing, and delivery modality of treatment sessions.
In conclusion, this study demonstrates that weight loss can be achieved among breast cancer survivors who live at a distance from the intervention team in historically underserved areas. Delivery of the intervention through conference calls extends the benefits of group support to remote and even isolated rural locations. We are currently recruiting for a weight loss maintenance trial among rural breast cancer survivors comparing the group conference call intervention to a newsletter intervention on weight loss maintenance from 6 to 18 months (R01 CA155014). This research will inform strategies for disseminating weight control interventions to rural women and other women with access barriers, with the ultimate goal to improve breast cancer survival.
